Abstract
Introduction
Reactive oxygen species (ROS) are formed in both physiological and pathological conditions in the cytosol, mitochondria, lysosomes, peroxisomes and plasma membranes (1) . Their concentrations can be increased in situations, such as occupational stress (2) (3) (4) . These ROS are extremely reactive and unstable chemical species and can react with proteins, lipids, carbohydrates and nucleic acids in the body. The reactions of ROS with macromolecules can lead to deoxyribonucleic acid (DNA) mutation, changes in the structure and function of proteins, and peroxidative damage to cell membrane lipids (5) .
The membranes of mammalian cells contain large amounts of polyunsaturated acid which can undergo peroxidative injury. This oxidation of membrane lipids causes increased permeability of the cell membranes (6) . Lipid peroxidation is a complex process which involves the formation and propagation of lipid radicals, a rearrangement of double bonds in unsaturated lipids, and the eventual destruction of membrane lipid. This process produces a variety of breakdown products including alcohols, ketones, aldehydes and ethers (7) . Malondialdehyde (MDA) is the most abundant aldehyde resulting from lipid peroxidation. Thus, this aldehyde can be considered a marker of the lipid peroxidation, and increased concentrations of MDA are indicative of high oxidative stress (8) .
The biological effects of these highly reactive compounds are controlled in vivo by a wide spectrum of antioxidative defense mechanisms. Enzymes for preventing oxidative damage include superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and glutathione reductase (GR), the latter which is essential for the maintenance of glutathione concentrations. Non-enzymatic antioxidants are defined in two phases: lipophylic (vitamin E, carotenoids, melatonin, etc.) and water soluble (vitamin C, glutathione, uric acid, etc.). Three antioxidant vitamins, A, C and E, provide defense against oxidative damage.
Stress has been the focus of science, research and practical medicine for many decades (9) . Stress is an adaptive response that prepares the organism for a threatening situation. It induces strain upon both emotional and physical endurance, which has been considered a basic factor in the etiology of a number of diseases (10) (11) (12) . Stress as a concept describes the effects of psychosocial, occupational work and environmental factors on physical or mental well-being.
Occupational burnout is a complex phenomenon that has gathered significant attention among researchers over the last decade. Maslach and Jackson (13) provide a multifaceted conception of burnout, consisting of three sequential components that are the results of chronic stress. The first stage is emotional exhaustion (EE), where individuals feel emotionally overwhelmed by the demands of others. The second stage, depersonalization (DP), occurs by inappropriately attempting to cope with exhaustion. This stage is characterized by feelings of detachment and dehumanization. The final stage is a decreased sense of inadequacy, personal failure, and feelings of poor professional self-esteem.
Occupational stress is prevalent in work areas where there is much contact with distressed or dependent members of the public, and in people who work in intensive and palliative care units and emergency departments. The health professionals at risk include physicians, nurses, social workers, dentists, care providers in oncology, emergency service staff members, and mental health workers (2-4, 14, 15) .
For this reason, we tested the hypothesis that a direct relationship exists between oxidative stress (determined by antioxidant enzyme activities and MDA concentrations) and occupational stress westimated by elements of the Maslach Burnout Inventory (MBI)x and burnout scores in workers in a palliative care unit.
Materials and methods

Human subjects
This study was reviewed and approved by the Superior Council of Scientific Investigations in Madrid (Spain) and by the Ethical Committee of Clinical Investigation of Gregorio Marañón Hospital in Madrid (Spain). The study was performed in accordance with the Ethical Standards outlined in the 1975 Declaration of Helsinki, as revised in 1983 and 1996.
The study sample consisted of 52 workers of a Public Health Services in Madrid (Spain) in a palliative care unit (23 men and 29 women). We also analyzed 50 age-matched healthy individuals (24 men and 26 women) as controls. Five age groups were established: -20 years; 21-30 years; 31-40 years; 41-50 years; and 51-60 years. All subjects in the sample and the control group were residents of the same geographic area at the time of the study. All subjects were in good health and none were taking any product potentially interfering with antioxidant status (vitamins or minerals). Each participant gave informed consent prior to their inclusion in the study.
Subjects were given a questionnaire to obtain the following information:
• Sociodemographic parameters: gender, age, place of birth, residence, marital status and number of children.
• Lifestyle: balanced and healthy diet, exercise, smoking, consumption of alcohol, coffee, tea or coke.
• Occupational factors: qualifications and assigned task, long professional experience, work shifts (morning, evening, night), professional category, working conditions, relationship with other members of the staff, amount of work.
Blood sampling
Blood samples were obtained from the cubital vein. Fresh blood (5 mL) was collected into vacutainer tubes that contained lithium heparin and stored at 0-48C. All assays were performed within 24 h of collection.
Cu/Zn superoxide dismutase (SOD1) activity determination
Cu/ZnSOD (SOD1) activity was measured in red blood cells. 0.1 mL of blood was hemolyzed using 0.9 mL of ice-cold water (0-48C). The hemoglobin was removed by adding 0.25 mL of chloroform and 0.5 mL of ethanol, followed by vigorous mixing. The mixture was centrifuged at 18,000 g for 60 min. The clear supernatant was used for the SOD assay. The assay was performed using the method of Minami and Yoshikawa (16) , based on the inhibition of SOD1 by nitroblue tetrazolium (NBT) which is produced by superoxide radicals generated by autoxidation of pyrogallol. The rate of inhibition of the SOD reaction by SOD1 was calculated according to the definition of McCord and Fridovich (17) .
Catalase activity determination
CAT activity was measured in hemolysate by the method of Aebi (18) . The hemoglobin solution was obtained from fresh red blood cells. Heparinized blood samples were centrifuged at 2500 g for 10 min, and as much of the plasma then removed. The remaining red blood cells were washed three times with 0.9% NaCl solution, and subsequently hemolyzed by the addition of distilled water. Decomposition of the substrate, H 2 O 2 , was measured using an UV-VIS spectrophotometer (Uvicon 810, Kontron, Zurich, Switzerland) at 240 nm. The activity was expressed as the K-rate constant of the first order reaction, as defined by Aebi, per gram of hemoglobin.
Malondialdehyde determination
MDA concentrations were measured in erythrocytes by the method of Bull and Marnett (19) . Blood was centrifuged at 2500 g for 10 min and as much of the plasma then removed. Erythrocytes were washed three times with 0.9% NaCl solution and subsequently hemolyzed by the addition of distilled water. The supernatant solution was diluted by the addition of acetonitrile (v/v), followed by vigorous mixing. The mixture was centrifuged at 3000 g for 5 min. Denotes a statistically significant difference. Df, degree free.
The supernatant solution was filtered (0.2 mm pore-diameter membrane). High-pressure liquid chromatography (HPLC) was performed using a HPLC (Pharmacia LKB Bromma model 2151, Sweden) equipped with a LKB Bromma 2151 model UV diode array detector and ChromJet integrator Spectra-Physics data processor (Production Engineering Medical Equipment Division, Denver, CO, USA) which enabled the peak purity to be analyzed. An ODS Hypersil column (25 cm=4.6 mm, 5 mm) (Shandon Scientific Ltd, Runcorn, Cheshire, UK) was used as the stationary phase. The chromatographic conditions were: mobile phase PO 4 HNa 2 and myristyltrimethylammonium bromide buffer (pH 7.4)/acetonitrile; flow rate, 0.4 mL/min; UV detection, 268 nm; chart speed was 0.5 cm/min; attenuation six; temperature, ambient; and injection volume, 10 mL.
The column was equilibrated at the beginning of each daily series of measurements with at least 50 mL of the eluant. The MDA peak in the chromatogram was identified by comparison with a reference chromatogram of freshly prepared free MDA. The concentration of MDA was calculated from the area, based on a calibration chromatogram performed with a standard solution of MDA prepared by acid hydrolysis as described by Esterbauer et al. (20) .
Hemoglobin concentration determination
Hemoglobin concentration was determined using the cyanmethemoglobin method (21) . Blood was mixed with Drabkin's solution, a solution that contains potassium ferricyanide and potassium cyanide. The potassium ferricyanide oxidizes the iron in the hemoglobin forming methemoglobin. Then, potassium cyanide combines with methemoglobin to form cyanmethemoglobin which is a stable color pigment and can be read photometrically at 540 nm. The concentration was expressed as g/100 mL.
Burnout determination
To measure burnout, a Spanish version of the MBI (13), adapted to sanitary staff by Oliver (22) was used. This is a 22-question instrument designed by Maslach and Jackson. Each question consists of a sentence with four alternative answers in which only one can be chosen. A different punctuation from one to four is assigned to each of the four possible answers. The final punctuation is obtained by adding the results of all the questions. This punctuation is used to measure the three stages of burnout. The first stage, EE, consists of nine questions (1-3, 6, 8, 13, 14, 16, 20) . The second stage, DP, was assessed by five questions (5, 10, 11, 15, 22) . The final stage, reduced personal accomplishment (RPA), was measured by eight questions (4, 7, 9, 12, (17) (18) (19) 21) . The scores for each of the three stages of burnout were the total summation of the scores for the questions related to each area. A high score for EE or DP indicated high levels for these stages of burnout. For the third stage, personal accomplishment, low scores demonstrated a low-level of personal accomplishment, and thus indicated a high-level of this type of burnout.
Statistical analysis
Data were processed using standard statistical software (SPSS 10.2, SPSS Inc, Chicago, IL, USA). Results are expressed as the mean"standard deviation. The distribution of the groups was analyzed using the Kolmogorov-Smirnov test. As both groups showed a normal distribution, parametric statistical methods were used. For comparison of the groups, Student's t-test and analysis of variance (ANOVA) were performed. To assess significance, F-ratios obtained by ANOVA, the Bonferroni post-hoc test was used. Differences were considered significant at p-0.05.
Results
Sociodemographic parameters
No significant variation with respect to gender were detected in SOD activity (4.38"0.11 U/mL in blood from males vs. 4.27"0.12 U/mL in blood from females). These results agree with those obtained in a Spanish population (23) . No significant differences were observed for different age groups (workers and controls). No significant variations with respect to gender were detected in CAT activity, expressed as mean"standard deviation (223.87"5.91 k/g of hemoglobin in males vs. 229.10"7.78 k/g of hemoglobin in females). These results agree with those obtained in a Spanish population (24). Significant differences were observed (Table 1) for different age groups in workers in a palliative care unit, but not between workers and controls (227.23"5.08 k/g of hemoglobin vs. 227.91"8.15 k/g of hemoglobin).
No significant variations with respect to gender were detected in MDA concentrations (345.46"8.76 nmol/mg hemoglobin in males vs. 351.42"6.92 nmol/mg hemoglobin in females). These results agree with those obtained in a Spanish population (25) . With respect to age, the group of those -20 years of age was used as the reference. As can be see in Table 2 , MDA concentrations increase with age in both the control groups and in workers in palliative care. However, significant differences were found between the control group and workers in a palliative care unit for all age groups.
With regard to marital status (Table 3 ), significant variation in MDA concentrations were detected between unmarried (285.64"7.91 nmol/mg hemoglobin) and married workers (319.28"6.15 nmol/mg hemoglobin) but not with respect to those who were divorced (289.04"5.88 nmol/mg hemoglobin). No significant differences in SOD and CAT activities and MDA concentrations were observed (Table 3) in relationship with those with children or to the number of Significant differences (sig differ) (p-0.05). SOD1, Cu/Zn superoxide dismutase in U/mL of blood; CAT, catalase activity in k/g of hemoglobin; MDA, malondialdehyde levels in nmol/mg hemoglobin; X"DS, mean"standard deviation.
children. No difference was observed in SOD and CAT activities and MDA concentrations according to the place of birth.
Lifestyle parameters
Significant differences were detected (Table 3 ) in SOD1 and CAT activities and MDA concentrations between smokers and no smokers, but not for alcohol consumption, or coffee, tea and cola consumption. Significant differences were obtained (Table 3) in MDA concentrations between those who frequently practice some kind of sport (279.91"6.73 nmol/mg hemoglobin) and those who never practice sport (299.12"8.09 nmol/mg hemoglobin).
With regard to consumption of fruits and greens, significant differences were seen (Table 3) in SOD1 activity (p-0.03) and MDA concentrations (p-0.01) between those who frequently eat fruits and greens and those who never ate fruits and greens.
Occupational factors
We found that SOD1 activity and MDA concentrations are higher in workers who work the night and evening shifts (p-0.01). We also observed that qualification and professional category had a stronger correlation with antioxidant enzyme activity and MDA concentrations. Likewise, long professional experience in a palliative care unit showed a relationship with respect to MDA and SOD1 activity. In general, professionals who had more years of professional experience showed higher values for two oxidative stress parameters. Significant differences between morning and evening shifts; b significant differences between morning and night shifts. X"DS, mean "standard deviation; EE, emotional exhaustion; DP, depersonalization; RPA, reduced personal accomplishment.
As far as factors that produce professional uneasiness, no significant differences were observed in workers in a palliative care unit with respect to oxidative stress parameters. These factors have been classified into: uneasiness produced by work conditions (lack of staff and resources), and institutional uneasiness caused by lack of promotion and information.
Significant variations in levels of burnout were detected with respect to professional category (burnout levels were: physicians 35.98"3.66, nurses 42.87"4.09). No relationship was detected with respect to age, gender and marital status. We found that burnout is higher in workers who work on the night and evening shifts. These workers also obtained higher scores in burnout subscales, with statistical significance (Table 4) .
Discussion
Palliative care workers face the challenge of working closely and intensively with seriously ill patients and their families, which are highly emotional and stressful times in their lives. Palliative care workers often become deeply involved in the lives of their patients, many of whom die while under their care. Some medical disorders have higher prevalence in these workers. Nevertheless, the exact mechanisms of how such stress exerts these effects are not well-known. Stress could potentially lead to oxidative stress by increases in generation of ROS generation, or inactivation of enzymes which metabolize ROS, scavengers, and others substances that prevent their formation or help remove them.
In this work, as expected, the average perceived stress level was significantly higher in palliative care workers than in controls. MDA concentrations increase with age, supporting the premise that MDA is a valid marker of oxidative stress and aging. It is known that cell membrane structures are subjected to increased oxidative stress as a consequence of time and occupational stress. Inal et al. (26) also observed significantly higher concentrations in healthy individuals with respect to age. However, Di Rosa et al. (27) have not observed correlation of carbonylated and nitrosylated proteins, biomarkers of oxidative and nitrosative stress, respectively, with age in patients with adjustment disorders due to work stress.
We did not observe significant variations in SOD1 and CAT activities and MDA concentrations with respect to gender in workers in a hospital palliative care unit. These results agree with those obtained in a Spanish population (23) (24) (25) working in emergency service (2, 3) , and in nurses in an intensive care unit (4) .
Marital status has an influence on oxidative stress levels because married workers showed higher MDA concentrations compared with single or divorced workers, but no significant differences were observed with regard to having children or to the number of children. These results agree with those obtained in emergency workers (3) . De la Torre et al. (23) observed significant differences according to place of birth (urban or rural). However, in this work we did not observe any difference because all subjects had been living in a big city for many years.
With respect to the effects of cigarette smoking, we found that SOD1 and CAT activities and MDA concentrations were higher in the erythrocytes of smokers compared with nonsmokers (p-0.05). One possible explanation of this fact is that cigarette smoking increases oxygen free radical production by polymorphonuclear leucocytes, which induce the activation of some free radical scavengers, such as SOD, CAT or GPx. However, if antioxidant enzyme activities are deficient, this can lead to oxidative stress and cellular membrane damage. Similar results were obtained by Bolzan et al. (28) and Diken et al. (29) . Our results agree with those obtained in smokers by Ö zbay and Dülger (30) who observed that smoking led to higher MDA concentrations and lower SOD activity. Tobacco smoke contains numerous compounds, many of which are oxidants and pro-oxidants that are capable of producing free radicals and enhancing the oxidative stress ''in vivo''.
With respect to physical exercise, Davies et al. (31) reported that exercise at high intensity causes increased free radical production. However, regular physical exercise enhances the antioxidant system and protects against exercise induced free radical damage. In this study, when subjects practiced regular physical activity, there was an insignificant increase in MDA concentrations, and SOD1 and CAT activities. However, when subjects never exercised, we observed a significant reduction in SOD1 and CAT activities, and an increase in MDA concentrations. Regular exercise has a variety of psychological benefits than can help to improve mental health (32) , reducing the risk of disease (33, 34) and slows down aging (35) . In addition, regular exercise can help to relieve occupational stress.
Although alcohol has the ability to generate formation of ROS which are able to start lipid peroxidation, either directly or by exhausting antioxidative defense substances, in this work no significant differences in MDA concentrations related to consumption of alcohol, coffee, tea or cola. Also, differences in antioxidant enzyme activities could be demonstrated. The reason for this fact was the moderate alcohol consumption of the participants in this study. No significant differences in MDA concentrations or antioxidant enzyme activities related to consumption of alcohol, coffee, tea or cola could be demonstrated. These results agree with those obtained by Casado et al. (2, 3) in emergency service workers and in nurses in an intensive care unit (4). Nielsen et al. (36) found a positive correlation between plasma MDA and weekly alcohol consumption. However, in our study, alcohol consumption of the participants analyzed included only small quantities that was consumed during meals. This practice has certain proven beneficial effects in humans, and epidemiological evidence indicates that moderate alcohol consumption reduces the incidence of heart disease (37, 38) .
No significant variation in burnout levels were obtained with respect to age, gender and marital status. Our findings agree partially with those obtained by Smith et al. (39) who observed no significant difference between men and women with respect to occupational stress, and that unmarried and married workers reported very similar stress levels. However, we detected higher oxidative stress in married workers than in unmarried or divorced workers, and similar results were obtained in emergency workers (3) . The results obtained by Geetika (40) revealed that male nurses experienced significantly higher stress level compared to females.
The biological mechanisms responsible for how shift work acts to induce such disorders in workers are relatively unknown. The known mechanism that induces and promotes cellular damage and results in such disorders is known as oxidative stress. Ishihara et al. (41) examined the effect of occupational stress on oxidative DNA damage among female workers. They found that female workers in shift work excreted increased levels of 8-hydroxydeoxyguanosine compared with those who were engaged in part time work (p-0.01). We showed that burnout is higher in workers on evening and night shifts. These workers also obtained significantly higher scores in burnout subscales. Purvi et al. (42) also showed that shift work is prevalent among nurses and a significant source of stress. They found that this type of work results in higher SOD1 activity and MDA concentrations in workers who work the night and evening shifts (p-0.01). Similar results were obtained in emergency service workers (2, 3). Sharifian et al. (43) evaluated the effect of night shift work, and their results confirm that shift work can act as an oxidative stressor. Furthermore, Dahlgren et al. (44) found a significant association between workday starting times and finishing times and cortisol concentrations. Those that finished their workday late had high concentrations of cortisol in the evening and low concentrations the following morning.
With respect to professional category, significant differences (p-0.05) were detected in burnout levels between physicians and nurses. These results agree with those obtained by Bujalance Hoyos et al. (45) and Olley (46) .
Conclusions
In conclusion, our findings suggest that oxidative stress, occupational stress and burnout levels are similar in men and women. Occupational stress increases oxidative stress levels, probably as a response to increased generation of ROS. Working the evening and night shifts increase oxidative levels and burnout levels. It is evident that preventive changes in job conditions and lifestyle are necessary to improve the quality of life for workers who work in palliative care units.
